Defective tissue repair is a hallmark of many inflammatory disorders including, inflammatory bowel disease (IBD). While it is clear that high fat diets (HFD) can exacerbate inflammatory disease by increasing inflammation, the direct effect of lipids on tissue homeostasis and repair remains undefined. We show here that short term exposure to HFD directly impairs barrier repair after intestinal epithelial damage by interfering with recognition and uptake of apoptotic neutrophils by intestinal macrophages. Apoptotic neutrophil uptake induces macrophage IL-10 production, which is lacking after intestinal damage in the context of HFD. Overexpression of IL-10 rescues repair defects after HFD treatment, but not if epithelial cells lack the IL-10 receptor, highlighting the key role of IL-10 in barrier repair. These findings demonstrate a previously unidentified mechanism by which dietary lipids directly interfere with homeostatic processes required to maintain tissue integrity.
Introduction
Within the intestine, a single layer of epithelial cells separates our internal tissues from luminal contents. Under normal conditions, this forms a selective barrier, allowing passage of nutrients and excluding harmful substances and intestinal microbes. Injury to this barrier increases entry of luminal contents into the tissue. Unresolved barrier damage underlies many chronic inflammatory diseases including inflammatory bowel disease (IBD).
During infection or trauma, a pro-inflammatory immune response is critical to contain and clear any infectious agents as well as prime the tissue for repair 1 . First, tissues and tissue resident immune cells detect the damage and recruit circulating neutrophils. Neutrophils extravasate into the tissue to clear any invading organisms. Neutrophil effector mechanisms can damage tissue environments and so must be rapidly contained. One mechanism is the induction of programmed cell death in infiltrating neutrophils. This cell death is also an important cue in resolution of inflammation 1 . Apoptotic neutrophils release mediators that both limit neutrophil recruitment to the tissue and also act as bridging molecules to stimulate uptake by macrophages, also known as efferocytosis. Many studies highlight the role of macrophage efferocytosis, particularly clearance of neutrophils, as a critical cue in macrophage switch from an anti-microbial, pro-inflammatory response to a pro-tissue repair, anti-inflammatory responses including production of IL-10 and TGFβ 2,3 . This further dampens recruitment of neutrophils into the tissues and is critical for a return to homeostasis. Defects in macrophage efferocytosis and subsequent impaired pro-repair responses has been linked to many chronic inflammatory diseases including atherosclerosis, cardiovascular disease, COPD and autoimmune disease, including type 1 diabetes and lupus 4 .
The intestinal tract is exposed to a variety of environmental factors with the potential to disrupt tissue homeostasis, many of which may contribute to disease pathology. One factor is the consumption of dietary lipids and increased intake of diets high in fat (HFD) is a risk factor for chronic inflammatory diseases, including IBD 5 . It is well established that long term exposure to HFD can suppress macrophage anti-inflammatory functions and promote pro-inflammatory responses, supporting local and systemic inflammation [6] [7] [8] . However, whether dietary lipids directly impair anti-inflammatory intestinal homeostatic functions and tissue repair is incompletely understood.
Here we show that, after intestinal damage, short term HFD exposure impairs intestinal barrier repair. We find, after intestinal damage, dietary lipids directly interfere with macrophage recognition and uptake of apoptotic cells and subsequent IL-10 production. This is due to lipids blocking interactions between apoptotic cells and the efferocytosis receptor CD36, which also binds dietary lipids. This results in increased apoptotic neutrophil accumulation in the tissue.
Overexpression of IL-10 rescues repair defects after HFD, but not if epithelial cells lack the IL-10 receptor, highlighting the key role of IL-10 in barrier repair. These findings demonstrate a previously unidentified mechanism by which dietary lipids, a risk factor for intestinal disease, can directly interfere with homeostatic processes required to maintain tissue integrity.
Results

Delayed epithelial repair after intestinal injury in short term HFD fed mice
To understand the impact of high fat diet (HFD) on intestinal barrier repair, we treated mice with high or low fat diet (LFD) for one week before exposure to dextran sodium sulfate (DSS) for 5 days or a single dose of doxorubicin (DOX), both of which cause intestinal epithelial damage 9, 10 . Mice remained on their respective diets throughout the experiment. Without DSS exposure, mice in both groups had comparable body weight with normal glucose and insulin tolerance ( Fig. 1a , Supplementary Fig. 1a, b ). This lack of metabolic changes allowed us to assess the direct impact of HFD on intestinal damage prior to systemic inflammation caused by long-term HFD exposure. After DSS treatment, mice exposed to HFD or LFD initially lost a comparable amount of weight. While LFD mice recovered initial weight, HFD mice showed sustained weight loss ( Fig. 1a ). We used histopathological analysis to assess whether HFD resulted in increased tissue damage and inflammation. In both HFD and LFD treated animals we found pathology in both distal colon and cecum after DSS treatment as previously described 11 . At day 5 of DSS treatment, we found similar tissue pathology and myeloid cell infiltration in both HFD and LFD mice ( Fig. 1b , c, Supplementary Fig 2a, b) , indicating that diet was not amplifying initial damage or inflammation as is seen after long term exposure to HFD [12] [13] [14] . In LFD treated mice, damage was partially resolved as we see reduced tissue infiltration of immune cells and increased restitution of the epithelial barrier by day 9 post DSS treatment. In contrast, in HFD treated mice, we observed prolonged tissue damage and cellular infiltration ( Fig. 1b, c) . As with DSS, after DOX treatment, HFD mice showed extended weight loss as compared to LFD mice ( Supplementary   Fig. 3a ).
To determine if HFD increased susceptibility of mice to additional models of intestinal damage, we infected LFD and HFD treated mice with Citrobacter rodentium, a model of infectious colitis. We did not observe increased weight loss in HFD mice and both HFD and LFD mice had similar histopathology scores ( Supplementary Fig. 3b -c). These findings demonstrate that while HFD does not increase susceptibility to intestinal damage or infectious challenge, HFD feeding extends pathology and delays recovery from intestinal damage.
Changes in microbiota composition is associated with increased inflammation and can support inflammation after DSS treatment 9 . Altered microbiota composition is suggested to be a mechanism of HFD driven intestinal inflammation 15 . To determine if microbiota changes after HFD were driving increased pathology, we performed microbial composition analyses by 16S rRNA sequencing. We found modest compositional differences in the intestinal microbiota between the groups after one week of dietary treatment ( Supplementary Fig. 4a , c). By day 5 of DSS challenge, there was no difference in microbiota composition between treatment groups ( Supplementary Fig. 4b, d ). This indicates that while diet can alter microbiota composition, inflammatory insult and damage is a stronger driver, with both groups exposed to similar microbes during resolution of damage.
One of the first steps in repairing intestinal epithelial damage is proliferation of the intestinal stem cell compartment followed by differentiation to repopulate lost cell types 16 . We found similar epithelial proliferation between HFD and LFD fed mice before DSS treatment. Early after DSS treatment, we observed equivalent increased proliferation in both groups (Fig. 1d, e ).
While proliferation decreased over time in the LFD mice, it remained elevated in the HFD mice ( Fig. 1d , e, Supplementary Fig. 5 ). Along with increased proliferation we also found decreased repopulation of goblet cells and mucus in HFD mice as compared to LFD mice ( Fig. 1f , g, Supplementary Fig. 5 ). In order to repair intestinal damage, tight junctions between epithelial cells must be reestablished. This paracellular barrier prevents microbial translocation into the tissue 17 .
Expression of tight junction proteins occludin and zonula occluden-1 (zo-1), which together are the major tight junction proteins 18 , did not differ between LFD and HFD mice before DSS treatment ( Fig. 1h ). After DSS treatment, we found upregulated expression of occludin and zo1 in LFD but not HFD treated mice ( Fig. 1h ). Together, these findings demonstrate that overall intestinal epithelial repair processes are impaired in HFD after intestinal injury.
Increased neutrophil accumulation limits damage repair after DSS in HFD treated mice
A marker of pathology after intestinal damage is increased numbers of apoptotic or necrotic cells within the tissue. Further, accumulation of apoptotic cells and cellular debris within the tissue after injury is associated with defective repair 19 . Using immunofluorescence (IF) staining for TUNEL which detects double strand breaks as found in apoptotic cells, we found that HFD alone did not result in increased numbers of apoptotic cells in the intestine ( Fig. 2a, b ). In early time points after DSS treatment, apoptotic cell numbers are equivalent in both HFD and LFD mice.
While these numbers did not increase over time in LFD treated mice, in HFD treated mice, we found increased apoptotic cells within intestinal tissue and lumen ( Fig. 2a, b ).
During intestinal damage monocyte-derived macrophages and neutrophils are recruited to sites of injury and their numbers decrease after resolution of damage. Increased presence of inflammatory macrophages, monocytes and neutrophils in intestinal tissue supports inflammation 20, 21 . We used immunofluorescence staining and flow cytometric analysis to assess monocyte, macrophage and neutrophil recruitment in LFD and HFD mice after intestinal injury. DSS treatment resulted in increased monocytes, macrophages, and neutrophils in the tissue (Fig.   2c, d and Supplementary Fig. 2, 6 ). We found no difference in macrophage numbers between HFD and LFD treated mice ( Supplementary Fig. 6d ). In contrast, while we found equivalent neutrophil numbers in intestinal tissue of HFD and LFD treated mice at day 5 after DSS treatment ( Fig. 2d and Supplementary Fig. 7b ), at later timepoints, they further increased in HFD fed mice (Fig 2c, d ). Neutrophils are short lived cells which die by apoptosis to prevent release of cytotoxic intracellular components 1 . If not cleared, neutrophils can undergo secondary necrosis which can amplify tissue pathology and limit intestinal barrier repair 22 . By immunofluorescence analysis, we find the majority of the TUNEL positive cells within the tissue of HFD and LFD treated mice after DSS challenge are neutrophils with TUNEL positive neutrophils increasing at later stages after intestinal injury after HFD treatment ( Fig. 2c and e, Supplementary Fig. 6 and 7 ). We also find increased expression of neutrophil chemoattractant proteins, CXCL1 and CXCL2, in HFD fed compared to LFD fed mice after injury ( Fig. 2f ), indicating continued neutrophil recruitment and reduced resolution of tissue injury in the presence of HFD.
Increased neutrophil numbers and inefficient clearance of apoptotic neutrophils can result in impaired tissue resolution 21, 22 . To investigate whether accumulation of neutrophils was required for increased pathology after HFD, we depleted neutrophils in HFD mice after the start of DSS treatment. Neutrophil depletion in HFD DSS treated mice resulted in improved body weight as compared to isotype control antibody treated animals ( Fig. 2g ) with improved histopathology, decreased epithelial proliferation, and restored goblet cell numbers as compared to isotype control antibody treatment ( Fig. 2h and Supplementary Fig. 8a, b ). This was accompanied by decreased numbers of total neutrophils and TUNEL positive cells within the tissue ( Fig. 2i-k) .
These results demonstrate that neutrophils are required for impaired intestinal barrier repair in HFD fed DSS treated mice.
HFD treatment impairs barrier repair by limiting macrophage production of IL-10 after intestinal injury
Phagocytosis of apoptotic cells leads to macrophage expression of a number of antiinflammatory and tissue repair factors such as IL-10 23 . IL-10 both supports epithelial barrier repair 24, 25 and increases macrophage efferocytosis capacity 26 . While we find IL-10 is strongly upregulated in intestinal tissue of LFD fed mice after DSS treatment, IL-10 is not upregulated in intestines of DSS treated mice exposed to HFD (Fig. 3a ). In the intestine, we and others have found macrophages are the major source of IL-10 [27] [28] [29] . After DSS exposure, IL-10 expression by macrophages from mice on HFD is reduced as compared to macrophages from mice on LFD ( Fig. 3b ). Further, total tissue and macrophage expression of pro-inflammatory genes such as TNFa were not altered after HFD treatment ( Supplementary Fig. 9a, b ). These findings suggest HFD limits macrophage IL-10 response to tissue damage without increasing inflammatory functions.
In a number of inflammatory disorders, lipids, including those derived from the diet, can inhibit normal macrophage tissue repair functions and sustain inflammation. For example, in obese adipose tissue, macrophages accumulate lipids which promotes secretion of inflammatory mediators such as TNFa 30 and decreases expression of IL-10 7 . To understand if intestinal macrophages accumulated intracellular lipids as found in obesity, we performed Oil-red-O staining of sorted intestinal macrophages from LFD and HFD mice and found no differences in lipid accumulation ( Supplementary Fig. 10 ). This suggests lipid accumulation does not contribute to loss of intestinal macrophage IL-10 in HFD treated mice after intestinal injury.
To determine if dietary lipids directly alter IL-10 expression in macrophages in response to apoptotic cells we pretreated bone marrow derived macrophages (BMDMs) with oleic acid, a dietary lipid found in the HFD, before exposing them to apoptotic neutrophils. Oleic acid treatment did not result in increased macrophage apoptosis ( Supplementary Fig. 11 ). Apoptotic neutrophil exposure resulted in macrophage IL-10 production. However, IL-10 was not upregulated after lipid pretreatment ( Fig. 3c ). Overall, these findings demonstrate that dietary lipids directly impair macrophage IL-10 production in response to apoptotic neutrophils.
To understand if IL-10 was sufficient to protect mice from intestinal damage in the presence of HFD, we overexpressed IL-10 in vivo and found it was sufficient to protect HFD treated mice from increased weight loss after DSS treatment ( Fig. 3d ). We also observed improved tissue histology, reduced numbers of apoptotic cells in the tissue, and restored goblet cell formation alongside reduced neutrophil numbers and epithelial proliferation ( Fig. 3e-h and Supplementary Fig. 12a, b ). Further, overexpression of IL-10 increased expression of gap junction proteins occludin and zo-1 (Fig. 3i ). These finding demonstrate IL-10 is sufficient to normalize barrier repair in HFD treated mice after intestinal injury.
Epithelial cell IL-10 signaling is required for tissue repair after DSS
To identify the target of macrophage IL-10 production, we overexpressed IL-10 in HFD mice lacking IL-10 receptora (IL-10Ra) on macrophages or epithelial cells. IL-10Ra on macrophages is dispensable as IL-10 overexpression rescues HFD treated mice lacking macrophages IL-10Ra after DSS treatment ( Supplementary Fig.13 ). In contrast, IL-10 overexpression is unable to rescue bodyweight, colitis score or apoptotic neutrophil accumulation in DSS and HFD treated mice where epithelial cells lack IL-10Ra ( Fig. 4a-e ). These data demonstrate that IL-10 signaling on intestinal epithelial cells is required for resolution of barrier injury.
HFD exposure decreases efferocytosis by intestinal macrophages
Efferocytosis is a critical function of tissue macrophages 4 . To understand if macrophages from DSS treated mice exposed to HFD were defective in uptake of apoptotic cells, we exposed flow sorted intestinal macrophages to TAMRA labeled apoptotic neutrophils. We find reduced efferocytosis of apoptotic neutrophils in sorted macrophages from mice with intestinal injury after HFD ( Fig. 5a ).
To confirm reduced efferocytosis in vivo, we examined downstream signaling pathways induced by clearance of apoptotic cells in sorted macrophages. After efferocytosis, phospholipids and cholesterol derived from the membranes of apoptotic cells need to be efficiently transported out of macrophages to protect against macrophage oxidative stress and cell death 31 . Macrophage lipid homeostasis is a tightly regulated process and imbalance can lead to altered macrophage functions that can promote inflammatory diseases such as atherosclerosis 32 . Cholesterol efflux receptors ABCA1 and ABCG1 play critical roles in this process, transporting phospholipids and cholesterol out of cells. Recognition of apoptotic cells induces upregulation of ABCA1 and ABCG1 33 with lack of ABCA1 resulting in reduced efferocytosis 34 . We assessed ABCA1 and ABCG1 expression after DSS treatment and find macrophages from HFD fed mice have lower ABCA1 expression as compared to macrophages from LFD fed mice ( Fig. 5b ). Expression of ABCG1 was unchanged in both groups (data not shown). The lack of ABCA1 upregulation indicates macrophages from HFD mice have not taken up and/or processed apoptotic cells.
Efferocytosis is induced by macrophage recognition of phosphatidylserine (PS). PS is normally confined to the cytoplasmic side of the plasma membrane. In cells undergoing apoptosis, externalized PS is an "eat me" signal resulting in cell uptake 35 . Macrophages express multiple receptors that recognize externalized PS, including Axl, Mertk 36 , integrins aVb3 and aVb5 and their co-receptor CD36 37 . Loss of efferocytosis receptors Axl and Mertk or CD36 increase sensitivity to intestinal damage with decreased macrophage uptake of apoptotic cells [38] [39] [40] .
Macrophages deficient for CD36 also have defective IL-10 expression after exposure to apoptotic cells 39, 40 . While we find expression of Axl, Mertk, and aVb3/5 were not altered by HFD or after DSS treatment ( Fig. 5c and Supplementary Fig. 14a-c) , we find reduced CD36 transcription in intestinal tissue (Fig. 5d) , as well as a decreased surface CD36 expression by intestinal macrophages (Fig. 5e ).
Uptake of apoptotic cells through aVb3/aVb5/CD36 requires bridging protein milk fat globule-EGF factor-8 (Mfge8) 37, 41 . In mouse models of colitis, Mfge8 is constitutively expressed, with increased expression after intestinal damage that returns to baseline after tissue healing 42 .
Initially, we detected increased tissue Mfge8 in both LFD and HFD treated mice. However, while
Mfge8 decreased in LFD mice after damage resolution, levels remained elevated in HFD mice ( Fig. 5f, g) . These findings demonstrate that mechanisms to clear apoptotic cellular debris are induced in HFD after tissue injury but are not effective in promoting apoptotic cell clearance and tissue repair. Together, these data suggest that dietary lipids interfere with CD36-mediated recognition and internalization of apoptotic neutrophils.
HFD impairs macrophage efferocytosis by blocking of CD36
To test whether lipid exposure directly interfered with macrophage uptake of apoptotic cells, we pretreated BMDMs with oleic acid. We then incubated the BMDMs with apoptotic neutrophils and assessed efferocytosis. After pretreatment with oleic acid, we found BMDMs had decreased capacity to engulf apoptotic neutrophils with a decreased proportion containing a single neutrophil, and none containing more than one cell (Fig. 6a-c) . Lipid pre-treatment of apoptotic neutrophils prior to culturing with BMDMs did not impact BMDM uptake of neutrophils ( Supplementary Fig. 15 and data not shown). The first step in efferocytosis is tethering the apoptotic cell to the macrophage. We found that pre-treatment with oleic acid decreased ability of BMDMs to tether apoptotic neutrophils (Fig. 6d ). This lack of tethering likely underlies the reduced efferocytosis we observe.
In addition to its function as an efferocytosis receptor, CD36 is also a receptor for dietary and endogenous lipids 43 . To assess whether lipid exposure directly induced changes in CD36 expression, we pre-treated BMDMs with oleic acid and found decreased staining with CD36 antibodies ( Supplementary Fig. 16 ). It was not clear if this was inducing loss of CD36 from the cell surface or blocking interactions between CD36 and anti-CD36 antibodies or apoptotic cells.
To resolve this question, we pretreated BMDMs with Sulfo-N-succinimidyl Oleate (SSO), a lipid compound that irreversibly binds to CD36 but cannot be internalized 44 . As with oleic acid pretreatment, SSO pretreatment blocked antibody binding of CD36 ( Supplementary Fig. 16 ). We found that SSO treatment decreased uptake of apoptotic neutrophils in BMDMs as compared to control treated BMDMs (Fig. 6e, f) . These findings demonstrate that dietary lipids interfere with CD36 accessibility, limiting macrophage efferocytosis of apoptotic neutrophils.
Discussion
Our results indicate that high fat diets not only increase systemic inflammation, but also directly interfere with intestinal barrier repair by disrupting interactions between apoptotic neutrophils and CD36, an efferocytosis receptor. Efferocytosis turns on key effectors for barrier repair, including IL-10, which signals through epithelial cells to reestablish gap junctions.
Efferocytosis is also a key signal to down regulate chemokines that recruit neutrophils into tissue 45 . Together, this results in increased tissue accumulation of apoptotic cells which can further amplify tissue inflammation and impair barrier repair. Lipids and apoptotic cells share a receptor, CD36 and we find dietary lipids can interfere with apoptotic cell binding to CD36. In this way, excess lipids antagonize key anti-inflammatory and barrier repair signals, including macrophage IL-10 secretion, that are required to reestablish intestinal integrity and limit microbial penetration into the tissue. Together, microbial signals and chemokines continue to recruit neutrophils into the tissue, further potentiating tissue damage and limiting tissue repair.
Recent data have demonstrated that, in the steady state, intestinal macrophages and dendritic cells uptake of apoptotic epithelial cells induces a homeostatic transcriptional program that promotes regulatory T cells 46 intraperitoneally to mice after a 4h fast. Blood glucose was measured as described above.
Histology. Cecum was fixed in Carnoy's fixation for 1-2 days before being placed in methanol prior to paraffin embedding. 4µM sections were deparaffinized and stained with hematoxylin or Alcian Blue/PAS. Images were taken with a Nikon Ti Eclipse microscope. Sections from 5 mice were used for blinded colitis scoring according to established criteria 29, 50 . The number of Alcian blue/PAS positive goblet cells were counted per villi for 10 villi in 5 mice per group.
Immunofluorescence tissue staining. Sections were fixed, embedded and deparaffinized as Sequencing of the 16S rRNA V4 region were performed as described 51 .
Bone-marrow derived macrophages (BMDMs). BMDMs were differentiated from 8-week-old male and female C57BL/6 mice as previously described 52 . Single cell suspension of bone marrow cells was cultured for 6 days in 50% DMEM (Corning) supplemented with, 20% FBS, 30% L cell (ATCC CRL-2648) media, 2mM glutamine, 1 mM pyruvate, 1 unit/ml pen/strep, and 55µM β-ME.
Confirmation of macrophage differentiation was assessed by flow cytometry as described below.
All assays were performed in DMEM supplemented with 10% FBS, 1 unit/ml pen/strep and 1mM
HEPES.
Apoptotic neutrophils: Neutrophils were isolated from bone marrow using a density gradient (Histopaque 1077 and 1099) as previously described 53 and incubated for 24 hours at 37°C in DMEM containing 1% FBS. Apoptosis was assessed by trypan blue staining. For phagocytosis assays, apoptotic neutrophils were stained with TAMRA (ThermoFisher, C1171) according to manufactures instructions.
Gene expression. RNA from whole cecum or sorted macrophages was isolated using Trizol (Invitrogen) according to manufacturer's protocol. cDNA was synthesized using iScript reverse transcription kit (Bio-rad Laboratories). Real-time quantitative qPCR was performed using SYBR Green Supermix (Bio-rad Laboratories) using a CFX384 Touch real-time PCR machine.
Thermocycling program was 95°C for 2 min followed by 40 cycles at 95°C for 15 s, 60°C for 30s, and 72°C for 30s. The following primers were used: mIL-10-F: Phagocytosis assay: Sorted intestinal macrophages isolated from LFD and HFD mice were incubated at a 1:2 ratio with TAMRA loaded apoptotic neutrophils for 1h in FACS tubes and cytospun before immunostaining. BMDMs were plated at 1X10 6 cells in cover glass MakTek dish (MakTek Corporation) or 1.5X10 6 per well in 24 well TC plates and incubated at a 1:3 ratio with TAMRA loaded apoptotic neutrophils for 1h before RNA isolation or immunostaining. Oleic acid pre-treated apoptotic neutrophils were used as an additional control where indicated.
Lipid Treatment of BMDMs. Fatty acids were dissolved in ethanol as described 6 . BMDMs were treated with 400µm oleic acid (Nu-Chek Prep) 6 or treated with 2µg/ml of Sulfo-N-succinimidyl Oleate (SSO) (Sigma, SML2148) or equivalent amount of solvent (ethanol). Viability was determined using Presto Blue (ThermoFisher, A13261) assay according to manufactures instructions.
Neutrophil depletion. Mice were then injected once i.p. with 400µg of IgG2a isotype control (BioCell Cat# BE0089) or anti-Ly6g (BioCell Cat# BE0075-1).
Lamina propria cell isolation:
Isolation of lamina propria cells were performed as previously described 29, 54 . In short, large intestinal tissue was placed in PBS, cut open to expose the lumen and luminal contents were removed. Intestine were cut in 1 cm section and then treated with 1mM DTT and 30mM EDTA for 10min to remove mucus and epithelial layer. Tissue was then digested in collagenase 8 (Sigma-Aldrich) and DNase-containing media supplemented with 10% FBS while shaking at 37 degrees for 1hr followed by separation on a 40%/80% Percoll (Sigma Aldrich) gradient.
Flow cytometry and FACS sorting. Flow cytometry and analysis were performed with an LSR II (BD) and FlowJo software (Tree Star). Dead cells were excluded using the Live/Dead fixable aqua dead cell stain kit (Invitrogen). Macrophage populations were sorted on a FACSAria Cell sorter (BD Biosciences). Pooled samples from 5-7 mice were used to obtain an n=1 for a total "n" 
